The prevalence of atopic dermatitis (AD), used synonymously with eczema (1) in this report, has increased to a level of public health concern in the Western world, where AD affects 15-20% of pre-school children (2) . As the most common inflammatory condition in childhood, AD is characterized by typical flares and itching (3) , with an impact on physiological and psychological wellbeing (4) . The impairment of quality of life has been estimated to be comparable to that of chronic illnesses such as diabetes or neurological disorders (5) . Children with AD have an increased risk of developing asthma and rhinitis (6) . Childhood AD leads to substantial social and financial costs (7, 8) .
Studies have shown that approximately 50% of childhood AD heals before adolescence (9, 10) . However, there is little knowledge regarding determinants of remission, especially in children (11) . The few prospective cohort studies that investigated early childhood AD and later remission have focused on health conditions associated with remission (9, (12) (13) (14) . Atopic sensitization (9, 14) and wheezing (9, 12) were found to be associated with remission of eczema in 2 studies each, but there were conflicting results regarding rhinitis (9, 12) . Heredity was assessed in 1 study and was associated with remission (9) . Thus, further evidence is needed about the impact of allergic diseases and health conditions on remission of eczema. Beyond this, there has been little investigation into the impact of other issues, such as environmental factors and lifestyle. To our knowledge, only one study has assessed the influence of gender, parental smoking, breastfeeding, and antibiotic consumption, and this found no association with remission (9) .
To make recommendations on how to increase the chance of eczema remission, more information is needed on modifiable environmental and behavioural factors as well as health factors associated with remission. Given the lack of evidence about non-health variables, we hypothesized that factors that are associated with the prevalence and incidence of allergic diseases might also be inversely associated with remission of AD.
In terms of environmental factors, it has been shown that the prevalence of AD was higher in children living in an urban area, or in a home with polyvinyl chloride (PVC) flooring (15) (16) (17) . The prevalence of AD was also greater in children attending day-care (18) . Lifestyle factors that have been suggested as predictors of AD prevalence are parental smoking, short period of breastfeeding (19) , and antibiotic consumption (20) , but the evidence is not conclusive (21, 22) , and the only study to our knowledge assessing the impact of these factors on the prognosis of eczema found no association (9) . Examination of non-modifiable factors is important to identify risk groups. There is no evidence as yet whether gender, socioeconomic status (SES), and birth order predict remission, although they are associated with eczema prevalence (9, (15) (16) (17) 21) . Therefore, this study aimed to determine factors associated with remission of AD in childhood, and the strength of selected modifiable factors in predicting remission.
METHoDS

Study design and study population
The Swedish Dampness in Building and Health (DBH) study, started in 2000 with a baseline questionnaire, based on an International Study of Asthma and Allergies in Childhood (ISAAC) protocol (23) , to parents of all children aged 1-5 years living in the county of Värmland (DBH-I), with follow-up in 2005 of children aged 1-3 years at baseline in 2000 (DBH-III). In total 4,779 (4,779/7,509, 63.6%) children were included in both baseline and follow-up questionnaires, of whom 894 (18.7%) had eczema during the 12 months prior to the baseline interview and constituted the population for this study (Fig. S1 1 ) .
Inclusion criteria in the baseline survey were all children in Värmland aged 1-5 years registered on the 2000 Census whose parents were Swedish-speakers and who consented to participate. The methods of data collection for DBH are described elsewhere (23, 24) . We excluded from the analysis 65 (7.3%) children for whom data were missing for the variables analysed, leaving 829 children in the study (details on missing values are given in Appendix SI 1 ).
The sample size was determined by the number of eligible children and participation rate, but power calculations were undertaken to determine whether this was sufficient to validate our planned analysis. Based on the results of Illi et al. (9) , a sample size calculation for the theoretically most important explanatory factors, severity, asthma, and heredity, and their association with remission of eczema was performed with a power of 90% and alpha error of 5%. Assuming the ratio of exposed/ unexposed to be 1:2, the maximum number needed would be 232. Allowing for all 19 covariates 380 children were needed in the analysis. Thus, the sample size of the current study of 829 children should be sufficient to detect associations between these factors and remission.
Variables and model structure
All the data were extracted from the parental questionnaires (24) . For the disease variables (eczema, asthma and rhinitis) the original ISAAC questionnaire was used (23), i.e. "Has your child ever had an itchy rash which was coming and going for at least 6 months?" In addition, questions on doctor-diagnosed asthma and doctor-diagnosed rhinitis were included. The additional questions were: "Has your child been diagnosed with asthma by a physician?" and "Has your child been diagnosed with rhinitis by a physician?" Medical records were not crosschecked. We did not differentiate between atopic and non-atopic eczema in accordance with the World Allergy organization's definition of eczema (1) .
Children included were assessed as having AD at baseline, and thus parents answering yes to the 2 questions: "Has your child ever had an itchy rash which was coming and going for at least 6 months" and "Has your child had this itchy rash at any time in the last 12 months?" The main outcome in the study was remission of eczema. Remission was defined as having an answer "yes" to the ISAAC question "Has your child had this itchy rash at any time in the last 12 months?" at baseline in 2000 (n = 829), and an answer "no" at follow-up in 2005. Possible explanatory variables are described in Table SI 1 for predefined risk factors for the main analysis. The severity of eczema was indicated by the ISAAC question "In the last 12 months, how often, on average, has your child been kept awake at night by this itchy rash?" Sleep loss several times per week was considered to indicate severe eczema (23, 25) . onset of eczema was determined from the question "At what age did this itchy rash first occur?" Location of the eczema was indicated from the question. "Has this itchy rash at any time affected any of the following places: the fold of the elbows, behind the knees, in front of the ankles, under the buttocks, or around the neck, ears or eyes?" Food allergy was assessed via questionnaire, and parents were asked: "Has the child at any time had allergic irritations, such as eczema, nettle-rash, diarrhoea, rhinitis, swollen lips or swollen eyes caused by the following foods: milk or dairy products, eggs, fish, peanuts, nuts, almond, soya, peas, beans, fruit, vegetables or other?"
A hierarchical a priori model was built based on factors that have been associated with the prevalence and incidence of eczema, e.g. lifestyle, gender, home environmental factors, socioeconomic status (SES), and birth order (15) (16) (17) (18) (19) 21) , as shown in Table SI 1 . We assumed that these factors might be inversely associated with remission of eczema. The model was later used to structure the statistical analysis, and hierarchical interrelationships were taken into account when exploring the effect of such factors (26) . To determine how to build our final model we grouped together factors that were related (e.g. asthma and rhinitis). We then put these groups in a hierarchical order; factors that were earlier in a pathway or considered less influential were distal, while those with a more immediate influence on eczema were proximate (e.g. breastfeeding was present in time before any asthma or rhinitis occurred so breastfeeding was more distal). (9, 12) are associated both with eczema, asthma and rhinitis (27) . Socioeconomic factors affect birth outcome, home environment, lifestyle, day-care attendance, environmental tobacco smoke, antibiotic consumption, and breastfeeding (28) (29) (30) (31) (32) . The home environment possibly influences birth outcome (33) . These variables, as well as birth-weight influence allergic diseases (11, 12, 15, 21, (34) (35) (36) . All factors cited above might influence remission of eczema (9, 20, 21, (37) (38) (39) (40) .
Statistical analysis
Drop-out analyses were performed with respect to background, health and socioeconomic factors using the χ 2 test. First, crude odds ratios (oRs) were calculated for each variable with the category expected to have the lowest effect on remission as reference. Linear effects were evaluated for ordered categorical variables with 3 or more categories. A p-value ≤ 0.05 was used to indicate significance. Then, within conceptual groups with multiple variables, factors were identified that remained associated when adjusted for other factors within the group. These were thereafter taken to represent that group. Specific factors were retained even if the p-value was not low if there were strong theoretical reasons to believe they could be risk factors, so that their contribution could be judged in this data-set. The final model was built by sequentially adding in the retained factors from each group according to the framework of the way in which the factors were presumed to operate. If a parameter altered in value when more variables were added into the model, this could be taken as an indication of confounding or of a pathway, depending on the conceptual model used. Factors might influence remission differently in children with mild vs. severe eczema, because severity might convey susceptibility toward these influences due to more impaired skin function. In addition, the impact of severity might itself vary by age of onset because the window of opportunity for environmental factors priming immunological pathways could appear early in infancy. We therefore tested whether the effect of several factors differed across severity groups, and if there was an interaction between severity and age of onset. In the adjusted Eczema remission in children model, the interaction was explored between severity of eczema and each of heredity, problems with paying bills, home location, age of onset, and location of eczema. The Hosmer-Lemeshow goodness-of-fit test (41) provided evidence that the final full logistic model accounted well for the outcome of remission of eczema (p = 0.25).
We undertook a sensitivity analysis comparing the relationship across both subjective (symptom-orientated) and objective (disease terms) measures of asthma and rhinitis with remission. This was performed in case the respondents' perceptions of symptoms were stronger indications of health status than the disease terms.
The children belonged to 812 households, but no clustering effects were detected after statistical assessment, and therefore no adjustment was made for clustering. The study was approved by the regional ethics committee in örebro, Sweden.
RESULTS
The study population was evenly divided by sex, with most children aged 2 years (or older). Most children were breastfed longer than 6 months (68%), were a first-born child (73%), had non-smoking parents (80%), lived in urban or suburban surroundings (72%), and attended day-care (92%). A high proportion of children had at least one parent with a history of allergic disease (62%). The prevalence of physician-diagnosed asthma at baseline eczema was 11%, and physician-diagnosed rhinitis was 3.4%. of the 829 children with eczema at baseline and complete information at follow-up, 484 (52%) reported no eczema during the 12 months preceding their follow-up interview in 2005. Table I shows the characteristics of the study population.
Drop-out analysis
There was no difference in baseline age or health factors (prevalence of asthma, wheezing, rhinitis, and food allergy, eczema features, parental history of allergic disease) (p > 0.1; χ 2 test) between drop-outs and included subjects. Drop-outs showed a higher prevalence of girls (61% vs. 50%; p = 0.002), parental smoking (33% vs. 20%; p < 0.001), single-parent family (18% vs. 9%; p < 0.001), and living in a multi-family house (30% vs. 20%; p = 0.001) compared with participants.
Associations between factors and remission of eczema in a crude analysis during a 5-year period
The crude analyses shown in Table I identified factors at baseline that were clearly associated with remission and those which, contrary to our hypotheses, were not associated. All groups with milder or later eczema (onset of eczema after the age of 1 year, mild and moderate eczema, non-flexural eczema), and absence of other allergic diseases (absence of diagnosis of asthma, rhinitis, and food allergies) had higher odds of remission. Testing for trend showed that the milder the eczema and the older the age at onset, the higher the odds of remission (odds ratio (oR) 1.64; 95% confidence interval (95% CI) 1.34-2.00; OR 1.66; 95% CI 1.30-2.11, respectively), and there was no evidence for deviation from trend (p = 0.720; p = 0.637, respectively). Regarding family lifestyle, there were higher odds of remission if living rurally. other factors were also associated with remission, such as having no or only one parent with a history of allergic disease (heredity), and age (birth environment). other factors related to the birth environment (birth order, sex, problems paying bills, or parental smoking) or family lifestyle groups (bedrooms with PVC flooring material, home construction, breastfeeding, antibiotic consumption and kindergarten attendance) were not associated with remission and neither was birth-weight.
Group adjustments
The following factors were statistically significant when adjusted for other factors in their group and were therefore taken forward to the full model: parental history of allergic disease, place of residence, physician-diagnosed rhinitis, age at onset, severity, and location of AD. In addition, difficulty paying bills, although not statistically significantly associated, was retained a priori, as socioeconomic status is known to influence many aspects of health. The factors of physician-diagnosed asthma, age and birth-weight were not associated with remission at this stage and therefore were not retained in the model.
Full model
The parameters for the successive steps to the full model are shown in Table SII 1 . In the final sequence of modelling in multivariable analysis, the eczema variables "milder eczema", "later onset" and "nonflexural eczema" were the strongest predictors of remission; the other allergic diseases variables of absence of "physician-diagnosed rhinitis", and "food allergy" were associated with greater odds of remission, but the association of physician-diagnosed rhinitis/remission had a p-value > 0.05 because of small numbers. The family lifestyle variable "rural living" remained strongly associated with remission (Table SII 1 ).
The strength of the association between the distal heredity variable "parental history of allergic disease" and remission decreased when adjusted for variables related to "aspects of eczema" and "other allergic diseases". For the birth environment variable "problems paying bills", the attenuation came when "aspects of eczema" were added. In total, the parameters did not change substantially across the models, which suggests that the groups were largely independent.
There was no statistical interaction between severity of eczema and the following factors: heredity, problems paying bills, home location, age of onset and location of eczema (interaction p-values: p heredity/severity = 0.289; p financial problems/severity = 0.786; p home location/severity = 0.035; p age of onset/severity = 0.572; p location of eczema/severity = 0.245).
Sensitivity analysis
As with the physician diagnoses of asthma, wheezing symptoms showed no relationship with remission in the adjusted analysis (aoR 1.18; 95% CI 0.86-1.60).
DISCUSSIon
This study demonstrated that approximately half of the children with eczema in early childhood at baseline did not have eczema during a 1-year period prior to followup in 2005. Aspects of eczema that dominated the predictors of remission 5 years later were mildness, later onset, and non-flexural location. The environmental factors that were explored in this study had surprisingly low association with remission. Heredity and proneness to allergic diseases were also predictors; those with no or only 1 parent with eczema, and those without rhinitis or food allergies had higher odds of remission than others. The strongest environmental factor was rural living. Non-modifiable factors of birth order and gender were not predictive, nor were behavioural factors such as parental smoking, breastfeeding, antibiotic consumption and day-care attendance. Regarding the home environment, PVC flooring in the home, a factor associated with the incidence of asthma (36) , was also not associated with eczema remission.
A major advantage of this study was the prospective design, which made the results less vulnerable to recall bias and allowed assessment of a temporal relationship. The large sample size minimized chance as the source of the findings for the predefined main analysis; however, given that multiple tests were conducted, chance cannot fully be excluded. The population-based design made results less prone to selection and ascertainment bias. Another reason for data quality is the high response rate and limited loss to follow-up. There were no differences between the analysed sample and drop-outs in health-related variables, and there was only higher prevalence in non-responders regarding parental smoking, single-parent family and living in a multi-family home, which should not have biased results. We did not observe that siblinghood influenced our results. However, most children were first-born in our study population because they came from single-child families. Therefore, it cannot be excluded that birth order might have influenced our results if we had a study population with more siblings. For example, AD has previously been shown to develop more commonly in second-born than in first-born children (42) , but there are also conflicting results (43) . Further studies will be needed to determine whether incidence and remission of eczema are associated with the same factors. our study design did not include a direct assessment of atopic and non-atopic eczema by blood serum immunoglobulin E (IgE) or a skin-prick test. Future research is needed with a specific focus on possible differential effects of factors on remission in sensitized and nonsensitized children.
A questionnaire that assesses the presence of eczema can have advantages over physician diagnosis, as eczema can be intermittent (38) . Although self-report can in some cases be unreliable, the term "itchy flexural rash in the last 12 months" has been shown to correlate well with diagnosis by a physician in a validation study done in the UK in children aged 3-11 years. Sensitivity was 84% and specificity 93% (25) . The ISAAC questionnaire has not been validated on parental information about preschool children, and there might therefore be some risk of misclassification. However, we saw no indication for differential misclassification, e.g. age at onset of eczema (1 of the strongest predictors) did not show any indication of systematic bias; earlier onset would suggest recall bias/information bias, but the odds were higher in early onset eczema. Random misclassification would mean that any bias in our estimates was towards the null. A recently performed validation study of a parental questionnaire that was based on the ISAAC eczema questions has shown that questionnaire diagnosis of infant and preschool eczema is possible with high accuracy (44) . Non-flexural sites are common in infants (45, 46) , and AD prevalence in our study is in accordance with other studies (47) . However, we cannot exclude that some of the infants who had non-flexural eczema had skin diseases other than AD.
As yet, no clear definition of remission of eczema exists (11). Illi et al. (9) considered cases to be in remission when disease signs were not present at follow-up.
In the current study, remission was defined as not having eczema during a 12-month period in 2005, which should minimize misclassification of children who have "repeated temporary rashes", and would also take into account seasonal variations. We may not have captured fully the effects of economic deprivation as we had to use a crude assessment of "problems paying bills."
In our models, milder eczema, later onset eczema and non-flexural eczema were the strongest predictors of remission. Aspects of eczema are proximate factors in the hierarchy; more distal factors may contribute to severity and hence to the chance of remission and thus contribute indirectly on a pathway; parameters for heredity were attenuated on addition of health variables, suggesting that having at least 1 parent without eczema is indirectly important for remission. Similar to our results in the adjusted analysis, rhinitis and asthma were not significantly associated with the remission of eczema in adults in Sandström & Faergemann's study (48) .
Findings from the studies of Peters et al. (49) and Illi et al. (9) , that breastfeeding, parental smoking, kindergarten attendance, gender, birth order, and number of infectious diseases were not associated with an increase in the odds of eczema persistence is supported by our findings. Low birth-weight decreased the odds of eczema during childhood (11) , and to the best of our knowledge, no study has investigated the relationship between birth-weight and remission of eczema. our analysis indicated there was no strong association.
In accordance with our results, Illi et al. (9) , Gustavsson et al. (50) and Ricci et al. (51) reported that eczematous children with high severity scores were at increased odds of persistence of eczema. The effect of a parental history of allergic disease decreased in the full model; it is possible that the indirect effect of parental history of allergic disease is passed via features of eczema and concomitant allergic diseases (26) . In the current study a weak association between SES and remission was seen only in the full model, suggesting a mediating effect of health factors (26) . The association might have been stronger if other aspects of SES could have been included. Recently, Peters et al. (49) suggested that eczema is a "middle-class disease".
The important effect of eczema features may be explained by the presence of more impaired epithelial function in more severe cases, which may increase sensitization and IgE production (52), thus increasing the risk of a lack of remission of AD.
Knowledge of the predictors of remission could have a major impact on patient management, since eczema can lead to impairment of quality of life and healthrelated costs. Besides a positive effect of rural living, predictors of remission were found in health factors. The advantages of the study design and analysis may allow generalization of the results to other childhood populations in Sweden and countries with a similar setting. Further evidence is needed to determine the underlying mechanisms of the factors associated with remission. In this regard, impaired skin function might be an explanatory factor; impaired skin promotes sensitization (52) , and sensitization is a factor associated with no remission of AD (14) . The effect of early and successful treatment of eczema should be explored (53, 54) . Based on the data, there is no evidence to recommend that families with children with eczema should change their home environment (55) .
In conclusion, the most important factors for remission of early childhood eczema within 5 years were mild disease symptoms, later onset of eczema, and non-flexural location of the eczema. The only environmental factor found to be associated with remission of eczema was rural living. Thus, this study does not provide evidence for changing the modifiable lifestyle and environmental factors that were analysed in this paper. A longer follow-up of the cohort would be beneficial to determine whether remission was maintained. Given the relevance of an earlier history of eczema for remission during our year of study, treatment interventions should be studied for the effect on duration of remission.
